Objective: Depression and inflammation may independently promote breast cancer (BCa) disease progression and poorer clinical outcomes. Depression has been associated with increased levels of inflammatory markers in medically healthy individuals and patients with cancer. However, inconsistencies in study time frames complicate interpretation of results within specific cancer types. This study examined relationships between depressive symptoms and inflammation in women with early-stage BCa before beginning adjuvant treatment.
INTRODUCTION P
atients with breast cancer (BCa) often report elevated levels of depression (1) , which are linked to decreased quality of life (1) , poorer perceived health status (2) , and increased mortality (3) . Examinations of biological mechanisms by which depression might affect physical health outcomes in BCa have focused on inflammation as one of several processes (4), as depression has been related to increased levels of circulating inflammatory indicators (5) (6) (7) . Studies suggest that stress and depression may prime the inflammatory system to be more reactive to subsequent stress (for a review, see Ref. (8) ). This is particularly salient in the context of cancer, as cancer is a major life stressor that causes a natural inflammatory response (9) involving release of proinflammatory cytokines (10) that may promote processes related to disease progression through interaction with circulating tumor cells that remain after surgery (11) .
Individuals with comorbid cancer and depression exhibit greater levels of inflammation than do individuals with cancer alone (6) , and it is possible that depressed patients with cancer may be at greater risk for disease progression. Thus, clarifying relationships between magnitude of depressive symptoms and indicators of inflammation in cancer populations warrants attention. A body of work has established relationships between depression and increased inflammatory indicators in medically healthy participants (5), individuals with various cancers (6) , and BCa patients (7). However, methodological issues limit the impact of this work.
One limitation is that various measurement methodologies make direct comparison of results between studies difficult. There are discrepancies in the point in treatment at which data are collected, how depression is measured, and which inflammatory markers are targeted. It remains unclear whether parallel elevations in depressive symptoms and inflammation are due to BCa itself or secondary to treatment (7, 12) . One study of BCa patients with major depressive disorder (MDD) who had not begun adjuvant treatment found an association between depression and inflammation (7) , yet another study of women who had received adjuvant treatment did not (12) . Thus, examining depression and inflammation after the onset of adjuvant therapy may obscure real associations.
The present study captures women with Stage 0-III BCa after surgery but before beginning active systemic or local adjuvant treatment, as the postsurgical, preadjuvant period may be a time when treatment-related factors (chemotherapy, radiation, and immunotherapy) can be excluded as potential confounders of the depression-inflammation association (13) . We expanded upon previous research in multiple ways. We explored relationships between depressive symptoms and inflammatory markers in a nonclinically depressed sample rather than restricting analyses to clinically depressed versus nondepressed patients. Thus, any results may be applicable to most women diagnosed as having BCa without MDD. Inflammation was measured with three circulating proinflammatory cytokines (interleukin [IL]-1β, tumor necrosis factor α [TNF-α], and IL-6) rather than a single inflammatory marker to provide converging evidence for a depression-inflammation association. These cytokines were targeted because they are commonly studied in both depression (8) and cancer (14) literature. Clinical depression has been associated with elevated levels of IL-6 in women with BCa (7) , and the present study extends beyond this single inflammatory marker to include the proinflammatory cytokines IL-1β and TNF-α, which have been implicated as particularly relevant to the process of angiogenesis and prometastatic signaling (10) and together form a more comprehensive panel of cytokines. In addition, we have previously reported that women after surgery for BCa with greater levels of negative affect (in proportion to positive affect) exhibit greater leukocyte gene expression for IL1B, TNF, and IL6 in circulating peripheral blood mononuclear cells (PBMCs) (15) . Examining circulating levels of IL-1β, TNF-α, and IL-6 serves to replicate and extend the literature relating depression and inflammation in women with BCa across the range of depressive symptoms. We considered the relationships between depressive symptoms and proinflammatory cytokines in the context of multiple covariates shown to be relevant to inflammatory processes (12, 16) . In addition, because monocytederived proinflammatory signaling has been proposed to account for the negative mood-inflammation association in BCa patients (15) , we examined relationships between depressive symptoms and circulating levels of five lymphocyte subpopulations to rule out influence of lymphocyte counts on circulating cytokine levels: total T cells (CD3
, and B cells (CD19 + ). We explored potential demographic and clinicopathological/medical moderators of the relationships between magnitude of depressive symptoms and levels of proinflammatory cytokines. Finally, the present sample is ethnically diverse, with approximately one third of the sample self-identifying as an ethnic minority, allowing for greater generalizability of results to a wider population of BCa patients.
We examined associations between depressive symptoms and proinflammatory cytokines in two ways, first using a categorical classification of depression based on accepted clinical cutoffs on the Hamilton Rating Scale for Depression (HRSD) (17) and second using a continuous HRSD score. We hypothesized that women with elevated depressive symptoms (above the clinical cutoff ) would display greater levels of IL-1β, TNF-α, and IL-6 than women with lower depressive symptoms (below the clinical cutoff ). We also hypothesized that greater magnitude of depressive symptoms would be associated with greater concentrations of these cytokines.
METHODS

Participants
Participants were part of a larger trial of a stress management intervention approved by the Human Subjects Research Office of the University of Miami Institutional Review Board described elsewhere (18) . Women with Stage 0-III BCa were recruited 4 to 8 weeks after surgery (lumpectomy or mastectomy) from a public hospital, a university-based cancer center, and surgical oncology practices in South Florida between December 1998 and February 2005. Inclusion criteria were as follows: surgical treatment of nonmetastatic BCa (i.e., not Stage IV), ages 21 to 75 years, and fluent in English. Women were required to have not received neoadjuvant or begun postsurgical adjuvant treatment; to never have been previously diagnosed as having cancer (except minor skin cancer such as squamous or basal cell carcinomas); to have no major comorbid medical conditions; to have never been diagnosed as having psychosis, panic disorder, or a major depressive episode; and to not endorse suicidality. The present study included a subgroup of women who provided blood samples at the time of study enrollment.
There were no differences between women in the present study (n = 89) and women from the parent study (n = 151) who did not provide blood samples on demographic characteristics ( 
Procedures
After full explanation of study procedures, signed informed consent was obtained. Information was collected regarding socioeconomic and medical status via self-report measures and verified via medical chart review. Depressive symptoms were assessed via structured interview, participants completed a self-report measure of fatigue, and blood samples were obtained within one week in most cases. Assessments were conducted after surgery for BCa but before participants began active adjuvant treatment to avoid effects of adjuvant therapies on mood and proinflammatory cytokines.
Psychosocial Measures
Demographic and Medical Characteristics
At the time of enrollment, self-reported demographic information was collected regarding age and socioeconomic status (race/ethnicity, years of education). Measures of medical status were stage of disease, surgical procedure, number of positive lymph nodes, ER status, PR status, HER-2/neu status, triple-negative status, time from surgery to assessment, smoking status (smoker or nonsmoker), BMI, and use of prescription medications (for depression, anxiety, sleep, pain).
Depressive Symptoms
The 17-item interview-based HRSD (17) was used to assess presence and severity of depressive symptoms over the past week. High interrater reliability, internal consistency, and discriminant validity have been shown for this scale previously (19) . Reliability in the present study was adequate (α = .79). A clinical psychologist with extensive training in use of the HRSD trained study assessors based on the structured interview guide (20) . Depressive symptoms were treated in two ways. First, HRSD scores were used to categorize women as either elevated (HRSD score > 7) or low depressive symptoms (HRSD score ≤ 7) based on previous validation of this cutoff (21) . Second, magnitude of HRSD was considered on a continuum ranging from 0 to 23. The HRSD has previously been used in samples of women with BCa (7, 22) .
Fatigue
The 14-item self-report Fatigue Symptom Inventory (23) was used to assess aspects of fatigue (frequency, severity, interference with daily functioning) over the past week. It was designed to assess fatigue in cancer populations and has demonstrated acceptable psychometric properties (24) . We focused on fatigue severity based on previous studies showing associations with inflammation among BCa patients (12) . Fatigue severity was represented as the average of four items targeting levels of fatigue, each scored on a 9-point scale. Higher scores indicate greater fatigue severity.
SAMPLE COLLECTION
Blood samples (30-40 ml) were taken at time of study enrollment. Participants were asked to abstain from alcohol use, recreational drug use, and caffeinated beverages on the day of blood draw. Women who self-reported infections within the past week or active use of antibiotic or allergy medications were rescheduled for a blood draw at least 1 week after remission of the illness or completion of medication use. Blood was drawn by venipuncture in Vacutainer tubes (BD, Franklin Lakes, NJ) without anticoagulant (for serum isolation) between 4:00 and 6:30 PM to maximize convenience for participants. Samples were kept overnight at room temperature and processed the following morning. Serum samples were separated according to standard procedures and stored at −20°C for subsequent batch testing.
Proinflammatory Cytokines
Analyses focused on serum concentrations of the proinflammatory cytokines IL-1β, TNF-α, and IL-6, measured using ultrasensitive enzyme-linked immunosorbent assay kits from Life Technologies (Grand Island, NY). The lowest level of detection for cytokines was 0.06, 0.09, and 0.10 pg/ml for IL-1β, TNF-α, and IL-6 respectively. Assays were performed according to the manufacturer's instructions and yielded the following intra-assay and interassay coefficients of variability (%), respectively: IL-1β (6.4, 7.2), TNF-α (6.7, 8.2), and IL-6 (8.3, 10.0).
Isolation of PBMCs
Blood samples were separated on Ficoll density gradient (Lymphocyte Separation Medium; ICN Biochemicals, Irvine, CA). PBMCs were collected from the gradient interface, washed twice with phosphate-buffered saline (Gibco-BRL, Grand Island, NY), resuspended in RPMI-1640 (Gibco-BRL), and supplemented with the following: 10% fetal bovine serum, 100 U/ml penicillin (Gibco-BRL), 100 μg/ml streptomycin (Gibco-BRL), 1 mM sodium pyruvate (Gibco-BRL), 1 mM nonessential amino acids (Gibco-BRL), and 5 Â 10 −2 mM 2-mercaptoethanol, referred to as complete tissue culture media. Cell counts were performed by 0.4% Trypan blue dye exclusion. Assays were performed with fresh samples within 20 hours after blood was drawn.
Lymphocyte Phenotypes
To examine whether results were affected by proportion of different cell types, PBMCs were stained and analyzed by flow cytometry. Fluorochrome-conjugated antibodies (anti-CD3, anti-CD4, anti-CD8, anti-CD56, and anti-CD19) and corresponding isotype controls (all from BeckmanCoulter, Los Angels, CA) were used to enumerate total T cells ( 
Statistical Analyses
Analyses were conducted to determine whether women included in this study (n = 89) differed on study variables compared with women from the parent study who did not provide blood samples (n = 151). Psychological and immunologic variables were analyzed for outliers and normality. Immunologic variables were logarithmically transformed using log(x + 1) to achieve normal distributions and maintain positive values. Transformed variables were used in all subsequent analyses, and descriptive values were back transformed to report results in pg/ml. Analyses of covariance were used to test for differences between elevated and low depressive symptoms groups on each of the three cytokine variables. Multiple regression analyses were used to assess associations between magnitude of depressive symptoms and cytokine values, for relationships between depressive symptoms and levels of five lymphocyte subsets measured, and for moderated relationships between depressive symptoms and cytokine values. Analyses were conducted using SPSS version 20 (SPSS, Chicago, IL).
Selection of Covariates
Study analyses adjusted for demographic (age, ethnicity), medical (stage of disease, time from surgery to study assessment, use of pain medication, smoking status), and symptom intensity (fatigue severity) variables known to influence systemic inflammation (12, 16) . Ethnicity was dummy coded with reference group (white/non-Hispanic), Group 1 (Hispanic), and Group 2 (other). Stage of disease was categorized as noninvasive (Stage 0) or invasive (Stage I, II, or III). With this model, ratio of observations to predictors was approximately 10:1, adhering to proposed guidelines of 10 to 15 observations per predictor (25) . BMI has been suggested as an important covariate when assessing circulating inflammatory markers (16) . However, BMI data were only available for 70% (62 women) of the sample. To maximize sample size, analyses were first conducted and reported adjusting for main study covariates. Then analyses were conducted with inclusion of BMI as an additional covariate, reducing the proportion of observations/predictors to approximately 6:1. This ratio is not ideal and increases risk of overfitting the model. Results of these analyses must be interpreted with caution (25) .
It has been suggested that use of antidepressant medications may be related to levels of proinflammatory cytokines (16, 26) . However, excluding participants currently taking antidepressant medications decreased our sample by nine women. Nonetheless, regression analyses were conducted in the subsample of participants not currently taking antidepressant medications adjusting for the main study covariates, and results are reported. Proportion of observations/ predictors in these final analyses was approximately 9:1, so results must be interpreted with caution (25) .
RESULTS
Women in the present study were an average (SD) 50.40 Table 1 .
Categorically, 36 women fell in the elevated depressive symptoms group (40.4%, HRSD M = 12.83 [4.25] ) and 53 women (59.6%) fell in the low depressive symptoms group (HRSD M = 3.45 [1.93] ). Mean HRSD score in the low depressive symptoms group was similar to a meta-analytic mean HRSD score among healthy controls (27) .
The elevated and low depressive symptoms groups showed no differences on most demographic variables (with the exception of ethnicity) and clinicopathological/medical variables (with the exception of BMI and use of sleep medication). Groups differed on reported fatigue severity (see Table 1 ).
Categorical Depression Groupings and Serum Cytokines
Analyses were conducted with depression dichotomized (see Table 2 ). Adjusting for age, ethnicity, stage of disease, time from surgery to study assessment, use of pain medications, fatigue severity, and smoking status, the elevated depressive symptoms group had marginally higher levels of serum IL-1β (unadjusted M = 13.79 [9. 47] pg/ml, adjusted M = 14.49, 95% confidence interval [CI] = 6.11-32.65) than did the low depressive symptoms group 
Continuous Levels of Depressive Symptoms and Serum Cytokines
Analyses were conducted with magnitude of depressive symptoms on a continuum (see Table 3 
Supplementary Analyses
Supplemental analyses examined associations between magnitude of depressive symptoms and circulating lymphocyte 
DISCUSSION
This study found associations between interview-based depressive symptoms and serum levels of proinflammatory cytokines in women recently diagnosed as having nonmetastatic BCa who had undergone surgery but had not begun adjuvant therapy. Analyses were conducted adjusting for age, ethnicity, stage of disease, time from surgery to study assessment, use of pain medications, fatigue severity, and smoking status, which have been shown to affect systemic inflammatory markers (12, 16) . Women with elevated levels of depressive symptoms had higher serum levels of TNF-α and IL-6, and marginally higher levels of IL-1β than did women with low depressive symptoms. Increasing levels of depressive symptoms were associated with greater serum levels of IL-1β and TNF-α, but were not associated with IL-6. Previous studies relating depression to inflammation in women with BCa have yielded mixed results (7, 12, 28) . Discrepancies between studies could be explained by methodological differences in terms of study assessment time frames and measures of inflammation. To date, only one prior study has examined depression status and proinflammatory cytokines among women with nonmetastatic BCa before beginning active adjuvant treatment (7) .
In support of this work, we found that women with elevated depressive symptoms had higher levels of TNF-α and IL-6, and marginally higher levels of IL-1β than did women with low depressive symptoms after adjusting for covariates, with medium effect sizes (29) . This adds support to the literature showing a relationship between poor psychological adaptation (e.g., depression and depressed mood) and biobehavioral processes such as increased inflammation (7, 10, 28) via sympathetic nervous system signaling (30) . These biological alterations, in turn, may interact with the tumor microenvironment to affect tumor growth (31), invasion (32) , and metastatic signaling (33, 34) in patients with cancer (for a review, see Ref. (35)).
Our findings that magnitude of depressive symptoms was significantly related to greater serum levels of IL-1β and TNF-α after adjusting for covariates indicate that as severity of depressive symptoms increases, so do levels of circulating proinflammatory cytokines. Paired with the observation that the range of depressive symptoms in this sample represents a lower range of depressive symptoms than would be observed in a clinically defined depressive sample, these findings suggest that levels of depressive symptoms may be relevant for inflammatory processes within this lower range. Showing that findings held after excluding the small number of cases currently using antidepressants reinforces this notion. Furthermore, these findings suggest that a dichotomous conceptualization of depression within the nonclinical range as well as the actual magnitude of depressive symptoms may relate to indicators of inflammation in this population.
We extended our findings by including BMI as an additional covariate given the relationship observed between depressive symptoms, BMI, and systemic inflammation (16) . When BMI was included, we found that women with elevated depressive symptoms had significantly higher levels of serum IL-1β than did women with low depressive symptoms. As magnitude of depressive symptoms increased, so did levels of IL-1β and TNF-α. Categorically and continuously, depressive symptoms were not related to levels of IL-6. However, inclusion of BMI reduced our sample size and brought the observation-to-predictor ratio to approximately 6:1. This is considered an overfitted model (25) and results should be interpreted with caution. Although speculative, it is possible that the loss of the association between depressive symptoms and two of the cytokine measures upon addition of BMI suggests that BMI may at least partially mediate the association between depressive symptoms and inflammation in this sample. This is further supported by the observation that women in our sample who met the criterion for elevated depressive symptoms also revealed greater BMI levels. Although these results add to the overall picture of the depressive symptoms-inflammation association, they warrant replication in a larger sample.
Supplementary analyses seeking insight into cellular sources of cytokine effects revealed no associations between magnitude of depressive symptoms and circulating lymphocyte phenotypes, suggesting that associations between depressive symptoms and cytokines are not likely due to covarying lymphocytes. It is possible that observed associations are due to differences in lymphocyte production of cytokines or activities of other cell types (e.g., monocytes or circulating tumor cells). However, neither monocytes nor circulating tumor cells were enumerated in the present study. We previously reported that postsurgical BCa patients reporting greater negative affect in proportion to positive affect revealed greater leukocyte gene expression for IL1B, TNF, and IL6 in circulating PBMCs (15) . Review of gene libraries (e.g., Gene Ontology) and Transcript Origin Analysis-a bioinformatics analysis (36,37)-suggested that this pattern of gene expression reflects up-regulation of nuclear factor-κ B-mediated pathways in myeloid cell lines (monocytes and plasmocytoid dendritic cells) (15) . It is plausible that HRSD scores may relate to greater serum cytokine levels of IL-1β, TNF-α, and IL-6 in the present study via monocyte activation. These findings are not limited to BCa patients, as depression has been linked to up-regulation of leukocyte proinflammatory genes (IL1A, TNF, and IL6) in patients with renal cell carcinoma, along with greater numbers of tumor-associated macrophages, and greater mortality over a 5-year period after diagnosis (38) .
A final set of supplemental analyses sought insight into potential moderators of relationships between depressive symptoms and cytokines, and revealed no significant interactions between depressive symptoms and demographic (age, ethnicity, education) and clinicopathological/medical factors (stage of disease, ER status, PR status, surgery, fatigue severity, BMI). This suggests that the main study findings may be generalizable to individuals across many demographic and medically defined subgroups of BCa patients.
Notably, the elevated and low depressive symptoms groups showed no significant differences on age, education, surgery type, clinicopathological variables, and other medications that could explain differences in inflammatory status (9, 39, 40) . Methodologically, limiting our sample to women with no signs of current infections allowed us to rule out the likelihood that depressive symptoms and inflammatory levels were driven by acute infectious processes (41) .
Strengths and Limitations
This study was cross sectional: direction of causality between study variables cannot be determined. However, previous research has longitudinally demonstrated that depressive symptoms predict later inflammation in BCa patients (28) . An additional limitation was lack of data available pertaining to more specific medication use (e.g., β-blockers, aspirin, and Cox inhibitors), postsurgical residual disease and complications, surgical margins, and additional clinicopathological variables to further distinguish cancer subtypes (e.g., luminal a, luminal b, histology, and grade). However, complete data were obtained regarding stage of disease and number of positive lymph nodes. Nonetheless, additional studies of depression and inflammation among women with BCa would benefit from including these additional variables, as they may affect findings. BMI data were only available for 70% of the sample, limiting power to detect associations between depressive symptoms and cytokines while being mindful of the observation-to-predictor ratio in light of additional covariates (25) . The present study focused on a sample of predominantly highly educated and non-Hispanic white women who were potentially motivated to participate in health-related research, limiting generalizability of findings. However, one-third of the sample identified as ethnic minority, mostly Hispanic women, distinguishing the present study from previous work (e.g., Ref. (7)). That a greater proportion of depressed women were of Hispanic ethnicity is interesting and demands further attention, because Hispanic women may have greater difficulties adjusting to BCa treatment (42) . Additional strengths of the study were inclusion of theoretically supported covariates (age, ethnicity, stage of disease, use of pain medications, fatigue severity, and smoking status), exclusion of women with active infections, and exploration of potential moderators of associations between depressive symptoms and cytokines. Finally, the study captured women with BCa at a distinct point in cancer treatment, namely, after surgery but before beginning active systemic or local adjuvant treatment. Thus, treatment-related factors may be excluded as potential confounders of the depressioninflammation association.
Future Research
Future research would benefit from examining longitudinal relationships between depression and cytokines, allowing for time-lagged analyses to clarify direction of causality between depressive symptoms and cytokine levels that could not be determined in the present study. Such analyses could investigate whether relationships between depression and cytokines change over treatment and survivorship. To date, one study has demonstrated a relationship between depression and time-lagged inflammation (i.e., white blood cell count, neutrophil count, ratio of helper T to suppressor T cells) in the context of a psychosocial intervention targeting depressive symptoms for women with BCa (28) . In addition, we previously demonstrated that a psychosocial intervention may down-regulate leukocyte expression of proinflammatory genes (15) . Additional longitudinal research could similarly focus on how changes in depression precede, follow, or parallel changes in proinflammatory cytokines in the context of psychosocial interventions known to reduce depressive symptoms in BCa patients undergoing primary treatment (43) .
Recent work demonstrates that pharmacological interventions targeting depressive symptoms may affect levels of inflammation (44) . Extending this research to samples of women with BCa would be beneficial. An alternative conceptualization of biological treatments of depression and inflammation would be to target inflammation and subsequently depression through anti-inflammatory medications. One study reported a decrease of depressive symptoms in response to a TNF antagonist in medically healthy individuals with treatment-resistant MDD (45) . There is much potential for expanding this research by examining antiinflammatory treatments for inflammation and depression in the general population and BCa patients (for a review, see Ref. (46)).
The present findings have implications for treatment of BCa patients with comorbid depressive symptoms. By identifying specific biological mechanisms affected by depression, it is possible to target these mechanisms in the treatment of BCa in an effort to reduce probability of tumor growth, invasion, and metastasis. Reducing depression through psychological or pharmacological interventions early in treatment (for review, see Ref. (13)) seems a promising approach for modulating these biological mechanisms.
CONCLUSIONS
The present study suggests that in the period after surgery for nonmetastatic BCa, women with greater depressive symptoms had higher serum levels of proinflammatory cytokines than did nondepressed women. Research investigating longitudinal associations between depression and inflammation is warranted in BCa patients and other populations given the suspected effects of depression and inflammation on health outcomes in patients with cancer (3, 35) . It is important to explore effects of psychosocial and biological interventions on concurrently reducing depression and inflammation early in treatment of BCa and how this affects long-term health outcomes.
